The mean values for anthropometric traits vary across population groups and this variation is clearly determined for the most part by the environment. The familiarity of anthropometric traits also varies in reports from different populations, although this variation has not been shown to follow a consistent pattern. To examine whether heritability is in¯uenced by sociocultural factors, we conducted a cross-cultural study of populations of the African diaspora. PARTICIPANTS: Data were collected on 1868 family members from Nigeria, 623 from Jamaica and 2132 from metropolitan Chicago, IL, USA. MEASUREMENTS: Height and weight were measured and body mass index (kgam 2 ) calculated. Fat-free mass, fat mass and percentage body fat were estimated using bioelectrical impedance analysis. Plasma leptin concentrations were also measured. The proportion of variance attributable to additive genetic and non-shared environmental components was estimated with the maximum likelihood variance decomposition method. RESULTS: Mean values for all anthropometric traits increased along the socio-cultural gradient, and obesity increased from 5% in Nigeria to 23% in Jamaica and 39% in the USA. Within populations the relationships among traits both within individuals and within families were highly consistent. Heritability estimates for weight, body mass index, fat mass and percentage body fat were approximately 50% for all groups. Heritability for height was lower in Nigeria (62%) than in Jamaica (74%) or the US (87%). CONCLUSION: The familial patterns of body size and energy storage appear to be consistent in these genetically related populations across a wide range of environmental conditions.
Introduction
Despite substantial heterogeneity in the socio-cultural circumstances obesity and its associated sequelae are increasing in both industrialized nations and many developing countries. 1 ± 6 Understanding the etiologies of obesity and its related conditions will require an integrated approach to both the genetic and environmental in¯uences. 7 ± 9 Molecular techniques have not developed to the point where gene ± environment interactions can be modeled directly, however, and indirect estimates must still be sought from epidemiologic studies.
Obesity is subject to moderately strong genetic in¯uences. Through family and adoption studies, the heritability of body mass index (BMI), the most commonly used marker of relative weight, has been estimated to be between 25 and 50%. 10 ± 16 The extent to which the genetic in¯uences captured by family relationships are modi®ed by the environment is not known, however. Variation in the relative magnitude of the heritable component of body composition in genetically related groups might suggest a modifying in¯uence of the environment. To date, most of the family studies examining obesity-related characteristics have been carried out in populations of European extraction and within a single environmental context, usually that of industrialized societies. Within modern industrialized societies the distribution of lifestyle risk factors for obesity (eg low physical activity andaor high fat diets) is relatively narrow. Thus the extent to which environmental exposures in¯uence the development and heritability of obesity-related traits is dif®-cult to assess within contemporary societies.
Although migration studies offer the greatest opportunity to search for gene-environment interactions in human populations, 17, 18 the appropriate degree of contrast is often not available and rarely are there suf®cient numbers of people available for study before and after migration. An alternative design is provided by the migrations from traditional to industrialized societies that have occurred in the course of modern human history. The relatively recent diaspora of West Africans to the Caribbean and the Americas between the seventeenth and nineteenth centuries represents one of the largest of these migrations. 19 ± 21 These black populations continue to share a common genetic heritage yet are exposed to a gradient of lifestyles. 22 As we have previously demonstrated, this gradient of exposure results in a wide range of prevalences for common chronic diseases, including obesity, hypertension, diabetes and cardiovascular disease. 23 ± 25 In this report we used the risk gradient along the African diaspora to examine the heritability of anthropometric and body composition variables in response to changes in the environment.
Methods

Participant recruitment
The sampling frame for this study was provided by the International Collaborative Study on Hypertension in Blacks (ICSHIB), as described in detail elsewhere. 23, 26 Nuclear families were identi®ed on the basis of a middle-aged proband, hisaher spouse and all available ®rst-degree relatives were enrolled. 27 Study protocols were reviewed and approved by the review boards of the participating institutions. The available family sets included 2259 persons from Nigeria, 658 from Jamaica and 2137 from Maywood, IL, USA. Analyses were restricted to those individuals with a reported age and measurements of height andaor weight (n 1868 from Nigeria, 623 from Jamaica, and 2132 from Maywood, IL). The most common pedigree type encountered in Nigeria was father, mother and two or more offspring, while in Jamaica and the US the most common type was mother and two or more offspring. Of the 598 pedigrees in Nigeria, 360 included both parents, while 64 of 158 pedigrees and 109 of 590 pedigrees had both parents in Jamaica and Maywood, IL, respectively. Half-sibs were encountered frequently in all three populations, due to polygyny in Nigeria and remarriage in Jamaica and the US. In all three sites family members were not necessarily residing in the same household, eg as among adult siblings. As in all epidemiologic family studies, errors may have occurred in the description of the pedigrees. The most common error encountered is non-paternity, ie when siblings do not share the same father. These relationships can be determined on the basis of genetic information. In our study genotype information made it possible to examine approximately two-thirds of the pedigree relationships, and a pedigree mis-speci®cation rate of 5 ± 10% was encountered and corrected in all three populations. However, the relationships in some families have not been fully veri®ed. Mistakenly considering half-sibs to be full-sibs, which would be the consequence of these errors, should bias our analyses toward lower values of heritability.
Survey methods
A screening exam was completed in a clinic setting by trained research staff using a rigidly standardized protocol. 26 A medical history and pedigree were obtained. Height was measured to the nearest 0.1 cm using a stadiometer consisting of a steel tape attached to a straight wall and a wooden headboard. The headboard was positioned with the participant shoeless, feet and back against the wall, and head held in the Frankfort horizontal plane. Body weight was measured to the nearest 0.2 kg using calibrated electronic scales uniform to all sites. BMI was calculated as weight (kg)aheight (m 2 ). Body composition was estimated using bioelectrical impedance analysis (BIA). BIA was incorporated into the study after its inception, therefore, body composition was estimated only in a subset of the participants. BIA was validated and cross-validated against deuterium dilution in each of the three populations described here. 25, 28 Deuterium dilution provides a direct estimate of total body water, and thereby body composition. All BIA measurements were performed using a single-frequency (50 kHz), battery-operated analyzer (model BIA 101Q; RJL Systems, Clinton Township, MI). A tetrapolar placement of electrodes was used with current electrodes placed on the dorsal surfaces of the right hand and foot at the distal metacarpals and metatarsals, respectively, and the detector electrodes placed on the pisiform prominence of the right wrist and between the medial and lateral malleoli of the right ankle. 29 Total body water was calculated from BIA resistance measurements, height and weight by using an equation derived from these populations. 28 Fat-free mass (FFM) was calculated by dividing total body water by a hydration standard (0.73), 30 and fat mass (FM) was calculated as the difference between weight and FFM.
Laboratory methods
Venous blood samples were collected in evacuated tubes containing EDTA. Blood samples were not necessarily collected with the participant in the fasted state or at a particular time of day. After processing, plasma was stored in 2 ml cryovials at 780 C before analysis of leptin concentration. Plasma leptin concentration was determined by Heritability of obesity traits in black populations A Luke et al radioimmunoassay using the human leptin kit from Linco Research, Inc. (St Charles, MO). All samples were analyzed at the departmental laboratory of Loyola University. The intra-and interassay coef®cients of variation were 5.0% and 6.1%, respectively.
Statistical methods
Data from questionnaires and data recording forms were reviewed and entered into a database at the coordinating center (Loyola University). Basic descriptive statistics, including means, standard deviations (s.d.), proportions, and Pearson correlations between traits were calculated using SAS. 31 Univariate quantitative genetic analysis was used to partition the phenotypic variance for each of the body composition phenotypes into additive genetic and environmental variance components. The analysis employed a maximum likelihood variance decomposition method 32, 33 implemented in the computer program SOLAR. 34 Such an approach makes it possible to test whether correlations among family members for a speci®c trait (eg BMI) are solely the result of the environment, or if genetic effects are also involved. In addition, the effects of both sex and age, along with their interactions, were simultaneously estimated as part of the analysis.
Because heritability is de®ned as a ratio of additive genetic variance to genetic plus environmental variance, it represents the proportion of total variance that is familial. Interpretations of changes in the relative magnitude of heritability across populations therefore require the assumption that the genetic and environmental variances would be expected to change proportionally as total variance changes.
Results
Participant characteristics are presented in Table 1 . For all variables, except age, an increasing gradient from east to west existed, ie participants from the USA had signi®cantly greater mean values than participants from Jamaica, who in turn, had greater mean values than those from Nigeria (P`0.001). Although gender-speci®c data are not presented, within each site women consistently had higher mean BMI, FM, percentage body fat and plasma leptin, and lower levels of FFM than the men (P`0.001), with weights being comparable. The distribution of BMI for each population is illustrated in Figure 1 . Variation in the obesity traits also increased considerably across the cultural gradient. For example, the variance for BMI increased from 13.7 in Nigeria to 50.4 in the USA, far in excess of what would be anticipated by the change in the mean from 20.9 to 28.9 kgam 2 . For height, on the other hand, no change in variance was observed.
The results from within-person correlation analyses of the anthropometric traits are presented in Tables 2, 3 and 4 for Nigeria, Jamaica and the USA, respectively. The magnitude of all correlation coef®cients was comparable between all three sites. In each of the sites, the adiposity-related variables, ie weight, BMI, FM, percentage fat mass, and leptin concentrations, were all highly correlated (r 0.60 ± 0.98). Height and FFM were less highly correlated with the adiposityrelated variables.
Heritability, as previously de®ned, was used to summarize overall familiality (Table 5 ). Restricting the sample to those participants over the age of 19 eliminated variation in agespeci®c growth patterns and we based our ®nal heritability inferences on this subset. With the exception of height Figure 1 Distribution of age-and gender-adjusted body mass index among Nigerians, n 1815; Jamaicans, n 614; and African Americans, n 2097. height and plasma leptin were adjusted by sex and age. *P`0.05; **P`0.001.
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A Luke et al among the Nigerian sample, leptin concentration among the Jamaican sample, and FFM among the US sample, the estimates of heritability were highly consistent across sites. For weight, BMI, FM and percentage body fat the heritability estimates were virtually identical in all three family sets. This result indicates a proportional increase in genetic and environmental variances. For height a gradient was observed, increasing from Nigerian to Jamaica to the US (viz 0.62 vs 0.76 vs 0.87); the Nigeria vs US difference was statistically signi®cant (P`0.01). In the US the heritability estimates for FFM was signi®cantly lower than for the other two populations (P`0.05), while the estimate for leptin was substantially, though not signi®cantly, lower in Jamaica.
Discussion
The heritability estimates for measured anthropometric and body composition variables were found to be remarkably similar among black families from Nigeria, Jamaica and the United States, with the exception of height. All of the variables Ð height, weight, BMI, FFM, FM, percentage body fat and plasma leptin levels Ð exhibited heritability estimates between 25 and 87%, indicating a strong genetic in¯uence on the expression of the phenotypes. The similarity across sites of the heritability estimates for almost any given variable suggests that genes are impacting the expression of the phenotype in a similar manner in very different environments. The data presented here also clearly indicate that the environment is important in phenotype expression, as evidenced by the signi®cant difference in mean levels for virtually all variables across the sites. The exceptions to the consistency of the estimates of heritability across the three sites were height in Nigeria, plasma leptin levels in Jamaica, and FFM in the USA. Compared to heritability estimates of 76 to 87% for height in Jamaica and the USA, in Nigeria it was only 62%. The heritability estimate for FFM in the US was only 47% compared to 70% or more for both Nigeria and Jamaica. Less discordant were the estimates for leptin levels of 25% in Jamaica and 40% in the US and Nigeria. There were no obvious explanations for these differences. Although it is possible that in Nigeria differences in early childhood nutrition between generations or between genders may account, in part, for the lower correlations observed for height between siblings and between parents and offspring, there are no data to support this. In fact, the mean generational increase in height observed in Nigeria, with both adult daughters and sons being about 2.8 cm taller than their mothers and fathers, respectively, is the same as that found in Jamaica (2.6 cm). In contrast, in the USA there was no difference in mean heights between mothers and adult daughters or fathers and adult sons. In addition, in Nigeria the difference in mean heights between the genders did not differ between generations, with men being about 10.4 cm taller than the women. Thus no immediate explanation for the relatively low heritability estimate for height in Nigeria emerges from the data available to us in this study. This result, however, is the same as that reported for a study conducted in The Gambia during the 1950s to 1970s. 35 The heritability estimate for height observed among Gambians was 60% which was lower than contemporary estimates for Europeans. These authors attributed the rather low estimate to environmental contribution, noting that the traditional West African lifestyle was quite rigorous relative to that of Europeans. 35 The lower heritability estimate for plasma leptin among Jamaican families is mirrored somewhat in the slightly lower estimates for both fat mass and percentage body fat compared to Nigeria and the USA. As with the height estimate for Nigeria, there are no obvious explanations, except perhaps for an inadequate adjustment for sexual dimorphism in adiposity levels. We previously reported the heritability of plasma leptin levels in a smaller, but overlapping, sample of African-American families to be the same as found here, viz 39%. 36 The difference in heritability estimates for FFM between the US and the other sites also cannot be explained. For this variable the estimate for the US is in line with the majority of the other traits listed, while the estimates for FFM for Nigeria and Jamaica are higher.
Population admixture and its potential effect on heritability estimates is a largely unexplored issue. Although we have general estimates of the degree of European admixture Heritability of obesity traits in black populations A Luke et al in population samples from Jamaica and the United States, ie approximately 6 and 18%, respectively, 37 and allele frequencies of common polymorphisms in hypertension genes have been studied in all three populations, 38 the in¯uence of this admixture on heritability of multigenic traits such as obesity cannot be addressed directly. On theoretical grounds, however, we would not anticipate a large between-population variation in genes associated with heritability, nor would we expect changes in the magnitude of the familial effects as a result of admixture.
Family, adoption and twin studies have generated heritability estimates for a wide range of obesity-related anthropometric and body composition variables. As mentioned, the estimates for BMI generated from family and adoption studies typically range between 25 and 50%; 10 ± 16 only an early report from the Quebec Family Study exceeded that range, at 5%. 39 However, in the longitudinal component the estimate was increased to 44%. 10 As was the case for most of the variables examined, heritability estimates for BMI from twin studies were generally higher, between 50 and 80%. 40 ± 49 Fat distribution parameters, ie abdominal visceral fat mass, subcutaneous fat mass and skinfold thicknesses, exhibited a similar pattern for heritability estimates: 25 ± 55% for family studies 14,39,50 ± 53 with twin studies up to 73%. 54, 55 To date, estimates for gross body composition variables such as FFM, fat mass and percentage body fat have only been reported for the Quebec Family Study and HERITAGE Family Study, with estimates very similar to those reported here. 39, 53, 56 In addition to our earlier report of a heritability of 39% for plasma leptin in African Americans, 36 an estimate of 55% has been reported among a sample of Polish twins. 57 With relatively few exceptions, eg an ethnically diverse population from Jerusalem, 15 an Indian population, 16 an international study of monozygotic twins including a few Japanese pairs, 46 and our previous analyses among US black people, 27 ,36 all of the above-mentioned studies were conducted among white family samples or twin pairs living in industrialized societies. Despite the fact that the present study was conducted among black populations from three very different environments, from rural agriculturalists in West Africa to the urban poor in Jamaica to the working class in the USA, the heritability estimates observed agree very well with most of these published reports. Taken as a whole, the literature and our data suggest that, regardless of population or environment, about 45% of the variance observed in many obesityrelated anthropometric and body composition variables can be attributed to genetic in¯uences that are expressed together with shared 5 familial environment.
There are relatively few published reports of the comparison of heritability between studies or between multiple sites in the same study, and none of the extant data include obesity-related parameters. The heterogeneity of familial correlations was reported for blood pressure between the Quebec Family Study and the Tecumseh Community Health Study, 58 and for plasma glucose concentration 59 and serum uric acid concentration 60 among ®ve North American sites of the Lipid Research Center (LRC) Family Studies. In the ®rst study, the higher degree of familiality found for diastolic blood pressure in the Quebec Family Study could be accounted for by cohabitation. 58 Among the LRC study sites, the heritability estimates for plasma glucose concentration ranged from 0 to 33%; however, the estimated environmental variances were homogenous. 59 Similarly, the familial correlations for serum uric acid level were quite variable across the LRC sites, yet in this case the observed heterogeneity could not be accounted for using path analysis. 60 In contrast to these comparative studies, the familial correlations and heritability estimates observed for the nine anthropometric and body composition parameters across the three black populations were remarkably homogenous.
The design of the present study allowed us to estimate the familial contribution to the variance observed in several obesity-related parameters, which was shown to be consistent across these three populations of the African diaspora. In addition, the data provided evidence for the impact of environment on body size and adiposity. In these three genetically related populations the prevalence of obesity, when de®ned as a BMI ! 30, ranged from 5.4% in Nigeria to 23.2% in Jamaica to 39.0% in Maywood, IL, USA. For virtually every measured variable, there was a clear east to west increasing gradient. These data demonstrate quantitatively the joint contributions of both genetics and environment to the expression of obesity among human populations.
